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pressure and temperature phases such as ilmenite, perovskite, and garnet are not likely to occur under our experimental conditions. For the remaining proto-, ortho-, and clino-MgSiO3 (low T) shown in Figure S2h -j, the polymorph inversion between them is known to be associated with shear stress,3 thus resulting in the similarity of diffraction patterns along some directions that can cause confusion for interpretation. For instance, the [100] diffraction patterns of orthoenstatite and protoenstatite are identical from simulations. By combining the diffraction patterns in Figure S1 and HRTEM images, we believe that these long wires are orthoenstatites with the assumption that all nanowires should have the same crystal structure.
Orientations of orthoenstatite nanowires.
On MgAl2O4 substrate, a large number of type B orthoenstatite nanowires exhibit parallel growth direction, indicating the existence of a preferential orientation. The tilt angle θ of the nanowires is measured from SEM micrographs as shown in Figure S3a . According to the bar chart in Figure   S3b , half of the nanowires are tilted 6~8° off the vertical axis. 
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